In a previous communication (1) a method was described for determining the plasma volume by injecting intravenously an azo dye "Evans Blue" and measuring the dye concentration of undiluted serum samples with the spectrophotometer. The cost of the spectrophotometer and the specialized training required for its successful operation limit the applicability of the method to the study of clinical problems. Studies with this method by one of us (2, 3) have indicated the desirability of employing a simpler and less expensive type of photometer.
In a previous communication (1) a method was described for determining the plasma volume by injecting intravenously an azo dye "Evans Blue" and measuring the dye concentration of undiluted serum samples with the spectrophotometer. The cost of the spectrophotometer and the specialized training required for its successful operation limit the applicability of the method to the study of clinical problems. Studies with this method by one of us (2, 3) have indicated the desirability of employing a simpler and less expensive type of photometer.
In this communication we will describe the adaptation of the plasma volume method of Gibson and Evans (1) to the photoelectric microcolorimeter of Evelyn and Cipriani (4, 5) . This adaptation has been accomplished without the introduction of any essential change in the technique, and with no sacrifice of accuracy, or restriction of the range of applicability of the method. In addition, the simplified technique described has the advantage of greater objectivity and rapidity of the photometric readings, as compared with the spectrophotometric method.
In estimating the dye concentration of blood serum samples with the spectrophotometer, the absorption measurements are made in terms of optical density at the wavelength (620 millimicrons) of maximum absorption of the blue dye. In the photoelectric photometer, measurements of light transmission are made in a narrow spectral region isolated by a color filter which transmits light in the vicinity of 620 millimicrons.
In order that the same mathematical formulae used in the original technique may be employed, the transmission values obtained with the microcolorimeter are converted (by simply taking the negative logarithm) into quantities called L values which are analogous to optical densities as measured on the spectrophotometer. Since an L value is merely the average optical density of the solution over the narrow band of wavelengths transmitted by the filter, it is possible, by making the filter sufficiently selective, to obtain the same linear relation between concentration and L value as exists between concentration and optical density. One may, therefore, employ standard spectrophotometric formulae by merely replacing optical densities by the corresponding L values. Two color filters are used. The filter referred to below as number 620 has a maximum transmission of 620 millimicrons, and is used for measuring dye concentration in serum samples, just as readings are made with the spectrophotometer at 620 millimicrons. The other filter, number 540M, has a maximum transmission at 540 millimicrons and is used for correction of dye values for hemolysis in serum samples (with the spectrophotometer the measurements on which this correction is based are made at 574 millimicrons). Both filters are mounted in the same holder and may be interchanged readily. The transmission curves of the two filters, of " Evans Blue " and of oxyhemoglobin are shown in Figure 1 absorption cell and the lower surface of the plunger.
Determination of plasma volume
The technique of injecting dye, taking the blood samples and preparing the serum samples for colorimetric reading, is exactly as described before (1) . The same absorption cell can be used for readings on all the dyed samples, provided it is well drained with a fine bulb pipette between samples; but a separate cell should be used for the dye-free sample. The same plunger must be used for an entire series of dyed samples and should be rinsed with water after reading each sample. Care must be taken that no bubbles form beneath the plunger when it is lowered into the serum. A little over 1 cc. of serum is pipetted into the cell, this being enough to allow the lower 2 or 3 mm. of the plunger to dip into the serum.
Single volume determinations
The cell containing the dye-free serum is placed in the apparatus, filter 620 is inserted, and the galvanometer is adjusted to read 100. As soon as the reading has become absolutely steady, the center setting aperture 8 is racked into place, and the exact value of the center setting is noted. The dyed samples are then read in turn, the center setting being kept constant throughout by readjustment of the rheostats if necessary. When the readings for the entire series of dyed samples have been made, the dye-free sample is again inserted, and should check at the initial reading of 100.
The galvanometer readings obtained are plotted against time (exactly as in the case of the optical density values in the original method), and the extrapolated galvanometer reading G is used in the calculation which is given in detail below.
Since the amount of light transmitted by the dye-free blank is always set at 100, the light transmission of the dye in the samples is given by Repeated volume determinations When a second dye injection is given shortly after an initial volume determination has been made, the so-called dye-free sample contains a certain amount of residual dye from the previous injection. The effect of this residual dye is compensated for automatically by reading all the new dyed samples against a new center setting obtained by first setting the galvanometer to 100, with the dyed dye-free sample, exactly as though it contained no dye. If several dye injections have been made in a short interval so that the amount of residual dye is very great, it may be necessary to adjust the initial setting to 50 instead of 100, and to multiply all the galvanometer readings obtained from this setting by 2. The G values so obtained are used to determine the extrapolated L value in the manner described above.
An alternative method, which may sometimes prove useful when the original dye-free sample (which contains no dye) still is available, is as follows. All the dyed samples including the dyed dye-free are read after setting to 100 with the original dye-free sample. The L value is obtained from the extrapolated G values in the usual way and is corrected for residual dye by subtracting from it the L value of the dyed dye-free sample.
Indirect Correction for hemolysis of samples The principles of correction for hemolysis in the photometric technique are the same as those employed with the spectrophotometer. As shown in Figure 1 , the absorption value of hemoglobin with filter 620 is small compared with its absorption value with filter 540M, while on the contrary, Evans Blue absorbs more strongly with filter 620 than with filter 540M. We have determined the ratio R = L62M for hemoglobin to be 20; for the original lot of T-1824 to be 0.7; and for Evans Blue (EK number 3873) to be 0.6 (see Table I ).
These ratios are used in the formula as given in the original paper (1) .
After the L values at filter 620 have been obtained for the entire series of samples, filter 540M In our experience, correction for hemolysis is as accurate with the photoelectric method as with the spectrophotometer.
COMMENT
Several factors must be borne in mind in estimating the comparative accuracy of the spectrophotometric and photoelectric methods of estimating dye concentration of serum samples in the blood volume technique. For routine measurements the spectrophotometer is a tiring instrument to use, since the red color of the fields results in considerable eye strain and fatigue. As a result, the accuracy of the observer in obtaining precise matching of the color fields may be expected to fall off during the course of a large series of readings. This difficulty is obviated by the objectivity of the photoelectric photometer, with which the galvanometer readings are made with no abnormal lighting conditions. Since there is a probable error in even the best spectrophotometric readings of plus or minus 1 per cent, the actual deviation of results obtained in this study
